Introduction
The annual wild weed species Arabidopsis thaliana is a model organism not only for molecular biology but also for ecological and evolutionary genetics, and hence, revealing the geographical structure of its genetic variation has become of paramount relevance (MITCHELL-OLDS and SCHMITT 2006) . Quantification of genetic diversity within and among populations of A. thaliana and analysis of its spatial distribution pattern across the species geographical range is the basis to elucidate demographical (historical) and ecological influences (MITCHELL-OLDS and SCHMITT 2006) . Furthermore, identification of genetic structure is relevant to map the causal genes responsible for the natural variation of adaptive traits by genome-wide association analysis. In these assays, knowledge of the genetic structure will reduce spurious correlations between genotype and phenotype due to historical relationships affecting the genetic background (CARDON and PALMER 2003; ZHAO et al. 2007) .
Arabidopsis thaliana shows a world-wide geographical distribution, although its native range mainly spans Europe and Central Asia, while it is mostly naturalized elsewhere (reviewed in HOFFMANN 2002) . It remains unknown if the main A. thaliana centre of origin is Central Asia or Europe/North Africa, both areas showing the highest diversity of related species (HOFFMANN 2002) . Currently, there are wild genotypes (accessions) collected from more than 500 populations across its world distribution, which have been used to estimate the amount and patterns of genetic variation at a world-wide scale.
These analyses have found significant population structure at global scale, as well as long range isolation by distance among different world regions (SHARBEL et al. 2000; NORDBORG et al. 2005; SCHMID et al. 2006; OSTROWSKI et al. 2006; BECK et al. 2008) . In addition, several laboratories have recently initiated the development of new A. thaliana collections for genetic variation studies at regional scale, in regions of the native distribution area such as Northern Europe (STENØIEN et al. 2005; BAKKER et al. 2006) , France (LE CORRE 2005) , Central Asia (SCHMID et al. 2006) and China (HE et al., 2007) , as well as in regions of presumed recent introduction and expansion like Japan (TODOKORO et al. 1996) and North America (JØRGENSEN and MAURICIO 2004; BAKKER et al. 2006) . Thus far, a significant regional correlation between genetic and geographical distances has been only observed in China, which supports a progressive natural dispersal under strong antrophogenic influence. In contrast, lack of such correlations within non-native regions has been interpreted as consequence of a recent colonization and expansion from mixed origin, or consequence of multiple colonizations (TODOKORO et al. 1996; JØRGENSEN and MAURICIO 2004; STENØIEN et al. 2005) .
The Iberian Peninsula, located in the Western border of Eurasia and very close to Africa, has received some attention in several A. thaliana genetic structure studies due to its special interest for the biodiversity history of Europe (SYMONDS and LLOYD, 2003; NORDBORG et al. 2005; SCHMID et al. 2006 ). This region is a major part of the largest biodiversity hotspot in Europe, the Mediterranean Basin (MYERS et al. 2000) and it has been one of the most important Pleistocene glacial refugia for numerous plant and animal species of the European subcontinent (reviewed in HEWITT 2001; GOMEZ and LUNT, 2006) . However, analyses of Iberian A. thaliana diversity have been mostly limited to small sets of genotypes collected in a single subregion of Spain (ROBBELEN 1965; KUITTINEN et al. 2002; BECK et al. 2008) . These studies have suggested that Iberia is genetically differentiated from other world regions (SYMONDS and LLOYD 2003; NORDBORG et al. 2005; SCHMID et al. 2006) and that it might be part of a Mediterranean glacial refugium for A. thaliana (SHARBEL et al. 2000) .
To better understand the evolutionary history of A. thaliana in its native geographical range, we have systematically studied A. thaliana genetic structure in the Iberian Peninsula at different spatial levels. To achieve this goal, we have generated a collection of 268 individuals sampled from 100 populations covering this region, and this has been used to determine the amount and spatial distribution of genetic variation. We have inferred the genetic structure by analysing genome-wide genotypes obtained with microsatellites (MSs) and single nucleotide polymorphisms (SNPs). We show that Iberian genetic diversity is geographically structured, which indicates population isolation in the past and provides evidence supporting the role of the Iberian Peninsula as a Pleistocene refugium for postglacial colonization of Europe. In addition, inference of four distinct Iberian genetic clusters spatially separated indicates a complex regional population dynamics that suggest the occurrence of multiple glacial refugia for A. thaliana in this region.
Materials and Methods

Plant material and sampling design
A hundred natural populations of Arabidopsis thaliana were surveyed in a region of around 800 x 700 km of the Iberian Peninsula (IP) and Menorca Island (Figure 1 ). These were spaced at an average distance of 326±180 km, with a 6 minimum and maximum of 1 and 898 km respectively. Populations were assigned to six geographical subregions defined according to the six major Iberian mountain systems, and using the largest rivers as main subregional borders (Figure 1 and supplemental Table S1 ). Sampled populations cover most of A. thaliana distribution area in the IP and were located in a wide range of habitats (supplemental Figure S1 and supplemental Table S1 ). Population size was roughly estimated in the field and ranged from few individuals (less than 25) covering ~1 m 2 patch, to at least 1000 individuals in a 100 m tract (supplemental Table S1 ).
Seven of these populations, distanced between 86 and 564 km, were chosen for analysis of local population differentiation. They show large population sizes and were extensively sampled following a transect where seeds from 20 to 32 plants were individually collected at a minimum distance of 0.5 m. Populations were named with 3 letters indicating the closest village or locality, followed by a different number code for each sampled individual.
Forty-three additional individuals from different local populations covering most of the rest of A. thaliana world distribution were also analysed. Five of them are new European individuals collected by the authors, while the rest were accessions obtained from public collections available at stock centres (supplemental Table S2 ).
DNA isolation and marker genotyping
DNA was isolated from 175 individuals of the seven extensively sampled IP populations and from one randomly chosen individual of the remaining 93 IP populations. From each sampled mother plant, a mix of leaf tissue from at least six sister plants grown from the sampled seeds was used for DNA isolation in the seven large populations, which represented the DNA of the field mother plants. For the rest of IP and world individuals, leaf tissue was harvested from a single plant grown from sampled or stock centre multiplied seeds. DNA was isolated using a previously described protocol (BERNARTZKY AND TANKSLEY, 1986) without mercaptoethanol.
Samples were genotyped at previously described microsatellite (BELL and ECKER 1994; PROVAN et al. 2000; LOUDET et al. 2002) and single nucleotide polymorphism loci (TÖRJÉCK et al. 2003; NORDBORG et al. 2005 ).
Sixteen nuclear microsatellites (ncMSs) and four chloroplast microsatellites (cpMSs) were analysed (supplemental Table S3 and supplemental Figure S2 ).
MS loci were amplified by PCR using a forward primer labelled with one of the Perkin-Elmer Applied Biosystems fluorochromes 6-FAM, NED, PET and VIC.
PCR products of four differently labelled MSs were mixed in equal amounts and the fragments of five mixes (supplemental Table S3 ) were separated in an ABI PRISM 3700 DNA analyzer using GeneScan-500-LIZ (Applied Biosystems) as internal size standard. Electropherograms were visually inspected and manually scored using GeneScan 3.7 software (Applied Biosystems). Molecular sizes (bp) of DNA fragments were calculated and sizes were used to estimate the number of MS motif repeats, based on the available sequence of Columbia accession. MS alleles were recorded and analysed as the closest number of presumed motif repeats. MS loci showed an average frequency of missing data of 3.5%. However, nga111, nga172 and msat3.18 rendered 17.4, 16.4 and 8.0% of non-amplifying individuals, respectively, suggesting that these loci might contain null alleles or additional polymorphisms within the primer sequences. The average frequency of missing data per individual was 1.7% for cpMSs and 3.2% for ncMSs. MS error rates of the molecular size estimates were calculated by amplifying and analysing duplicated samples of 20 genotypes, which provided an average genotyping error proportion of 0.046 per locus. All but one of the ncMSs are di-or trinucleotide repeat loci (supplemental Table S3 ) and showed an error rate of 0.019, while all cpMSs are mononuclotide repeats showing a 0.09 error rate. Most mistyped genotypes differed in one single base pair, whereas only a 0.007 error rate per locus was due to size estimates differing in more than one nucleotide.
Two different sets of nuclear SNP loci were analysed (supplemental Table S4 and supplemental Figure S2 ). Ninety-six Col/C24 SNP markers were selected because they are common polymorphisms in Central Europe (SCHMID et al. 2006) . In addition, other 47 SNPs segregating in six Iberian accessions collected in several geographical subregions (Fei-0, Ll-0, Pro-0, Se-0, Ts-1 and Ts-5) were randomly chosen from polymorphisms described by NORDBORG et al. (2005) . SNPs were genotyped with SNPlex technique (Applied Biosystem), using three mixes of 47 or 48 loci (supplemental Figure 2S) All except Sf-2 and Ll-1 presented the same genotypes at all loci in both studies indicating that markers are the same but some accessions might be misclassified.
Population data analysis
Three sets of multilocus genotypes were generated in this work (supplemental Phylogenetic relationships among chloroplast haplotypes (chlorotypes)
were established and visualized as chlorotype frequency maps constructed with a median-joining network (BANDELT et al. 1999 ) using the program NETWORK v. 4.2 (http://www.fluxus-engineering.com). Given the large number of chlorotypes observed with four cpMS loci, the network presented was generated using only three markers (cp70189 was excluded; see supplemental Table S5 ). For clarity, chlorotypes detected in single individuals and unconnected to the network were removed from figures (11 out of 36 chlorotypes corresponding to 7.1% and 10.3% of the IP and world individuals, respectively).
Genetic structure was inferred using the model-based clustering algorithms implemented in STRUCTURE v. 2.1 (PRITCHARD et al. 2000; FALUSH et al. 2003) and TESS v. 1.1 (FRANÇOIS et al. 2006) . These
Bayesian approaches were applied to the following sets of genotypes: 1) 100
and 193 individuals from different populations of the IP and rest of world respectively; 2) 100 IP individuals from different populations. For STRUCTURE analyses, we used a similar setting to that described by NORDBORG et al. Differences between the data likelihood of successive K values were tested using the non-parametric Wilcoxon test for two related samples. The final K was estimated as the largest K value with significantly higher likelihood than that from K-1 runs (two-sided P<0.005). Similarity between runs was estimated using the symmetric similarity coefficient (NORDBORG et al. 2005 ) and the extent of membership in a single cluster was measured using the clusteredness coefficient (ROSENBERG et al. 2005) . These parameters and the average matrix of cluster membership proportions of the 10 runs were computed using a Structure-sum R-script (EHRICH et al. 2006) .
In contrast to STRUCTURE, TESS algorithm incorporates spatial population models assuming geographical continuity of allele frequencies by including the interaction parameter ψ , which defines the intensity of two neighbour individuals belonging to the same genetic cluster. In addition, TESS treats K as a variable to be estimated. Haploid multilocus genotypes were analysed with TESS using the MCMC method, with the F-model and a ψ value of 0 (which assumes a non-informative spatial prior) as well as with the admixture model and ψ values between 0.5 and 0.7. For each model, the algorithm was run 200 times, each run with a total of 70.000 sweeps and 50.000
burn-in sweeps. K was estimated from the 10-20% runs with highest data likelihood. Similarity coefficients between runs and the average matrix of ancestry membership were calculated using CLUMPP v. 1.1 (JAKOBSSON and ROSENBERG 2007) .
Estimated average matrices of membership proportions were graphically represented using DISTRUCT software (ROSENBERG et al. 2002) .
Geographical distribution of ancestry matrices were represented by Kriging methods using the R-script available at http://wwwtimc.imag.fr/Olivier.Francois/admix_display.html (Olivier François, unpublished).
The relationship between genetic distance and Euclidean geographical distance among population pairs of the Iberian Peninsula was determined by
Mantel correlation test (MANTEL 1967; SMOUSE et al. 1986 ) using ARLEQUIN (EXCOFFIER et al. 2005) and the isolation by distance (IBD) web service v.
3.13 (IBDWS, JENSEN et al. 2005) . Genetic and geographical distances were log-transformed prior to analysis and the significance of correlations was calculated with 1000 randomizations. We estimated genetic distance between population pairs in two ways: when using local populations or groups of individuals we calculated the Slatkin's linearized F ST expressed as D = F ST /(1-F ST ) (SLATKIN 1995) with ARLEQUIN; when using populations represented by one randomly chosen individual we computed the proportion of pair-wise allelic differences as described above. Since Mah is an island population located more than 300 km apart from the IP ( 
Results
General genetic diversity in the Iberian Peninsula
To estimate A. thaliana genetic diversity in the Iberian Peninsula (IP), we sampled 100 local populations in a region of 800 x 700 km ( Figure 1 and supplemental Figure S3) and larger diversities were estimated with IP SNPs than with Col/C24 loci ( 
Genetic diversity and differentiation of local populations
To determine the genetic variation within Iberian local populations and their differentiation, we genotyped 175 individuals collected from seven populations (20 to 32 per population) with the same four marker sets ( Figure 1 , Table 2 ). All microsatellites segregated among populations but only 46 loci from the 62
Col/C24 SNPs and 42 from the 47 IP SNP loci were polymorphic. A two to fourfold difference in genetic diversity was found among populations, depending on the parameter (supplemental Table S6 ). However, gene diversity estimates (Hs) of ncMSs and of the two sets of SNP loci were highly correlated (N = 7; r > 0.81; P < 0.026) indicating that both types of nuclear loci detected the same patterns of genetic variation. On average, pairs of A. thaliana individuals collected in the same local population differed in 38%, 58%, 16% and 13% of the polymorphic cpMSs, ncMSs, Col/C24 and IP SNP loci, respectively.
In total, 32 to 130 different genotypes were found depending on the marker set, the combined analysis of all nuclear loci resulting in the same 130 genotypes detected with ncMSs (supplemental Table S6 Genome-wide analysis of linkage disequilibrium (LD) between pairs of nuclear loci in each population indicated that 5.6% to 62.3% of all pair-wise combinations of loci present significant LD (Table 2) . On the other hand, local populations showed a mean observed heterozygosity per ncMS locus (H O ) of 0.02 and a mean outcrossing frequency of 2.5% (Table 2) . However, substantial variation was found among populations since outcrossing frequencies ranged between 0.3% and 7.5 %. In total, 12, 7, 4 and 4 individuals appeared heterozygous for 1, 2, 3 and 5 ncMS loci respectively. Together, these individuals carried 58 heterozygous ncMS data points, 46 involving alleles already segregating in the corresponding population. Therefore, most heterozygous MS loci are probably generated by outcrossing.
Neighbour-joining analysis of the 175 multilocus genotypes showed that most individuals from the same population, but not all, group together (supplemental Figure S4 ). On the other hand, the relationship among chlorotypes of the IP and the rest of world was compared by frequency network analysis of 143 individuals (Figure 2 and supplemental Table S5 ). In total, 36 chlorotypes were detected with three cpMSs, which were arranged in a complex phylogenetic network (see Cluster 2 showed the highest mean fraction in samples from Asia, its frequency decreasing in Eastern and Western Europe. In contrast, cluster 3 showed the highest frequency in the IP, and this decreases in Eastern Europe and Asia (Figure 3 ). In addition, cluster 1 appeared as the most frequent in Western
Europe but the least common in IP, whereas cluster 4 shows a high frequency in the IP and the Mediterranean Basin but the lowest frequency in Western
Europe. Individuals from North America and Asia showed at least two genetic clusters with average membership fractions lower than 10% indicating that samples from these regions contain less genetic variation than samples from Japan.
Analyses of genetic structure in the Iberian Peninsula
To establish the genetic structure of A. thaliana Iberian populations more precisely, we first carried out NJ analyses of the 100 IP individuals (supplemental Figure S5 ). These analyses detected several groups of genotypes, but bootstrap support was mostly low. Therefore, a model-based clustering approach was used to determine the structure of these populations (Figure 4 and supplemental Table S7 ). Four genetic clusters were inferred with STRUCTURE when analysing the multilocus genotypes obtained with all 95 polymorphic SNP loci. However, only three significant clusters were found when using 50 Col/C24 or 45 IP SNP loci (supplemental Table S7 analyses were also performed using the algorithm implemented in TESS (see Materials and Methods). Four genetic clusters were also inferred in TESS analyses using different assumptions on the spatial distribution of genetic clusters (supplemental Figure S6) . Most individuals showed the same major ancestry membership coefficient than that estimated with STRUCTURE, supporting the robustness of the inferred clusters. However, similarity coefficients among runs of the same TESS model were considerably lower than those estimated among STRUCTURE runs (supplemental Table S7 ).
Genetic diversities of the four STRUCTURE groups show a two-fold variation among groups, with groups 1 and 2 being consistently more diverse than groups 3 and 4 (supplemental Table S8 ). AMOVA analyses using all loci showed an average F ST differentiation of 0.11 over the four groups, F ST values being significant for all sets of markers (supplemental Table S9 ). The lowest differentiation was observed between groups 1 and 2, while the largest differentiations were estimated between group 3 and the remaining groups (supplemental Table S9 ).
We further analysed the four genetic groups for their chlorotype diversity ( Figure 2B ). Each genetic group carried numerous chlorotypes and no clearly distinct maternal origin of any group was observed. However, groups 1 and 2 bore at least four chlorotypes also present outside Iberia and located throughout the network. In contrast, groups 3 and 4 showed more restricted geographical and evolutionary chlorotype variation. Most individuals of group 3 carried different IP-specific chlorotypes, whereas group 4 contained the smallest number of IP-specific chlorotypes. These results suggests that group 3 is an Iberian specific group that has remained rather isolated from other world regions, whereas seeds of groups 1, 2 and 4 might have migrated between IP and other world regions.
Analyses of geographical structure in the Iberian Peninsula
To determine if A. thaliana genetic variation is spatially structured in Iberia, we first tested isolation by distance among the 100 genotypes collected from different local populations. Mantel tests showed that genetic distances are positively correlated with geographical distances, r values ranging between 0.1 and 0.23 depending on the marker set (P<0.004). This correlation was maximum when using the genetic distances estimated from all loci (r=0.28;
P<0.001).
The IBD pattern of geographical structure was also analysed in the seven local populations extensively sampled ( Figure 5A ), Mantel test showing significant correlations for SNP loci (r=0.55-0.60; P < 0.04) and marginal significances for MS markers (r = 0.40-0.53; P = 0.06).
A. thaliana spatial structure in the IP was further evaluated by classifying the 100 populations in six geographical subregions (Figure 1 and supplemental Table S1 ). Genetic diversities were rather similar in the six subregions (supplemental Table S10 ), but AMOVA analyses indicate significant differentiation among all of them for three sets of loci (supplemental Table S9 ).
As shown in Figure 5B , a strong significant correlation was found between geographical and genetic distances among the six IP subregions (r=0.64, Finally, geographical structure of A. thaliana genetic variation was also inferred from the four genetic clusters previously established by model-based approaches. As shown in Figure 5C , genetic clusters derived with STRUCTURE were not evenly distributed across Iberia, but they appear mostly restricted to particular subregions. Overall, clusters 1, 2, 3 and 4 are located mainly in the north-west, north-east, centre/south-east and south-west areas, respectively.
P=0.014). This significant regional isolation by distance was in agreement with
Genetic clusters inferred from a TESS model assuming non-informative spatial prior showed nearly the same geographical distribution than STRUCTURE clusters (supplemental Figure S6A and S6B). Results from both algorithms differed mainly in the frequencies of clusters 1 and 2, TESS analysis leading to higher and lower frequencies of these groups respectively. In addition, genetic clusters inferred with TESS using an interaction parameter value of 0.7 also show considerable spatial overlapping with STRUCTURE clusters (supplemental Figure S6C) . However, the latter TESS model estimated a more restricted geographical distribution of clusters 2 and 3, and a broader distribution of cluster 4.
Discussion
Arabidopsis thaliana is widely distributed as a native species in the Iberian Peninsula. In this region, A. thaliana appears not only in agricultural fields and other relatively anthropogenic habitats but also in a wide range of naturallydisturbed habitats, from mesic and xeric grasslands to Atlantic and Mediterranean forests (supplemental Figure S1) . In this work, we have developed an Iberian collection of 268 individuals sampled from 100 populations, which correspond to 181 distinct genotypes as estimated from presumed neutral cpMSs, ncMSs and nuclear SNP loci.
Estimating genetic diversity, differentiation and structure with microsatellites and single nucleotide polymorphisms
As expected from the different molecular nature and mutation rate of MS and SNP loci, genetic diversities were higher when based on microsatellite than on SNP loci. Consistently, lower genetic differentiation values were often found with MS than SNP loci. In addition, ncMS loci did not enable inference of genetic clusters when analysed with Bayesian model-based clustering algorithms. This was not exclusively due to the low number of ncMS loci considered because the combination of ncMS and SNP markers showed reduced clustering power than SNP loci (data not shown). Probably, this is also consequence of the high variability of the ncMS analysed in A. thaliana, which is predicted to generate a large proportion of molecular convergence (homoplasy) in small populations evolving with high mutation rates (ESTOUP et al. 2002) .
Thus, SNP loci were more useful than microsatellites for A. thaliana genetic structure analyses. However, population genetic parameters estimated from SNP loci were also biased because SNP markers were ascertained from small sets of genotypes with uneven geographical distribution. Selection of SNPs from small panels of genotypes biases the sets of SNP loci towards polymorphisms with intermediate allele frequencies (reviewed in BRUMFIELD et al. 2003) . Accordingly, we mainly analysed common sequence polymorphism since only 27-44% of the SNP loci show MAF<5% (supplemental Figure S3 ), compared with 55% of synonymous SNPs presenting MAF<5% in random samples (NORDBORG et al. 2005) . Such distortion increases overall diversity estimates and decreases differentiation of recent branches of genealogical trees (BRUMFIELD et al. 2003 
2005
). The two sets of SNP loci used in this work were selected to contain nearly 50 loci, since this is the minimum number estimated for consistent inference of genetic clusters (ROSENBERG et al. 2005) . Furthermore, it has been argued that uneven spatial sampling in the experimental design might also affect the STRUCTURE clustering patterns (ROSENBERG et al. 2005) . As proposed by FRANÇOIS et al. (2006) , the robustness of STRUCTURE clusters detected in this work has been tested with TESS algorithm, which incorporates spatial models for geographical continuity of allele frequencies. A large concordance was observed among the results obtained with both algorithms.
Therefore, uneven geographical distribution of samples and the specific bias of MS and SNP loci are not expected to affect any major conclusion of this work.
Genetic diversity within local populations of A. thaliana
The Accordingly, large coordinated studies avoiding differences due to type and number of molecular markers, kind of local populations and sample size, are necessary to compare the distribution of genetic diversity within and among local populations in different world regions.
Iberian populations differ considerably in their genetic diversity. In agreement with previous studies (STENØIEN et al. 2005; BAKKER et al. 2006) several results indicate that migration, outcrossing, and de novo mutation, differentially contribute to the variation within populations. First, chloroplast and nuclear haplotype analyses show that most populations contain not only related but also genetically unrelated individuals (supplemental Figure S4 ) suggesting that seed migration is an important factor contributing to within population diversity. Second, considerable variation is found among populations for the proportion of pairs of loci showing significant LD, which indicates a different contribution of cross-fertilization and recombination, or of demographical factors affecting LD. In agreement, large variation among populations was also found for outcrossing rate estimates. Iberian populations presented an average outcrossing frequency of 2.5%, which is slightly larger than previous MS-based estimates (LE CORRE et al, 2005; STENØIEN et al. 2005; BAKKER et al. 2006) . This is probably due to the larger diversity of Iberian populations and not to mistyping errors because the three main sources of MS scoring errors (stutter bands, large-allele dropout and null alleles) lead to underestimations of heterozygosity (reviewed in DEWOOUDY et al., 2006) . Moreover, in contrast to previous MS studies, we estimated heterozygosity of field plants instead of individuals raised from field seed, which suggests that heterozygous individuals derived from outcrossing might have higher fitness under natural conditions.
Finally, the presence of some individuals heterozygous for ncMS alleles that otherwise are undetected in the same local population suggests that part of this heterozygosity might be generated by de novo ncMS mutations. However, true detection of individuals carrying new or homoplasic MS alleles generated by de novo mutation requires exhaustive genome-wide genotyping with extremely low error rate, which cannot be achieved by the standard methods of MS analysis used in this work. SYMONDS and LLOYD, 2003; SCHMID et al. 2006) . On the other hand, two longitudinal gradients of cluster frequencies are detected in Eurasia suggesting a double post-glacial colonization of Central Europe, in agreement with spatial gradients and IBD patterns previously found (SHARBEL et al. 2000; NORDBORG et al. 2005; OSTROWSKY et al. 2006; SCHMID et al. 2006) . The presence of a west-east frequency decrease of the major IP cluster ( See Materials and Methods and supplemental Table S5 for details. Figure 4 ; cluster 1, yellow; cluster 2, blue; cluster 3, green; cluster 4, red). * indicate the seven populations used for local population differentiation analyses.
Inference of
